For many years, Erysipelothrix rhusiopathiae has been known to be the causative agent of the occupationally related infection erysipeloid. A survey of the distribution of Erysipelothrix spp. in 19 Australasian seafoods was conducted, and methodologies for the detection of Erysipelothrix spp. were evaluated. Twenty-one Erysipelothrix spp. were isolated from 52 seafood parts. Primary isolation of Erysipelothrix spp. was most efficiently achieved with brain heart infusion broth enrichment followed by subculture onto a selective brain heart infusion agar containing kanamycin, neomycin, and vancomycin after 48 h of incubation. Selective tryptic soy broth, with 48 h of incubation, was the best culture method for the detection of Erysipelothrix spp. with PCR. PCR detection was 50% more sensitive than culture. E. rhusiopathiae was isolated from a variety of different fish, cephalopods, and crustaceans, including a Western rock lobster (Panulirus cygnus). There was no significant correlation between the origin of the seafoods tested and the distribution of E. rhusiopathiae. An organism indistinguishable from Erysipelothrix tonsillarum was isolated for the first time from an Australian oyster and a silver bream. Overall, Erysipelothrix spp. were widely distributed in Australasian seafoods, illustrating the potential for erysipeloidlike infections in fishermen.
Erysipelothrix spp. are widely distributed throughout nature, in soil as a saprophyte or wherever nitrogenous substances are decomposing. Currently, the genus Erysipelothrix is comprised of two species, Erysipelothrix rhusiopathiae and Erysipelothrix tonsillarum (23) . Much of the literature on Erysipelothrix is old, and it is likely that organisms described as E. rhusiopathiae may actually be a mixture of E. rhusiopathiae, E. tonsillarum, and, potentially, other species. Commensal and pathogenic E. rhusiopathiae have been found in a variety of animals, including swine, sheep, and cattle, as well as in crustaceans and fresh and saltwater fish. Although not a pathogen of fish, E. rhusiopathiae can survive for long periods of time on the mucoid exterior slime of fish (18) . Of the mammals, swine are the most profoundly affected by E. rhusiopathiae infection, and this has great economic importance (9, 18) . Human infection, or erysipeloid, is mostly related to the opportunity for exposure to the organism. It is common among those who have direct contact with animals or with organic matter in which the organism is usually found, and thus infection is mostly occupationally related. Historically, erysipeloid has been referred to as fish poisoning, seal finger, whale finger, and pork finger (11, 12, 26) . Those at highest risk of infection are fishermen, fish handlers, butchers, abattoir workers, and housewives; however, infection has also been associated with other occupations (18) . In the marine environment, most infections occur following a scratch or puncture of the skin by the scales, teeth, bones, or spines of fish or lobster (12, 18) . In Western Australia, an erysipeloid-like infection referred to as crayfish poisoning is known to occur in lobster fishermen and handlers (4) .
One problem in the diagnosis of erysipeloid is that E. rhusiopathiae is difficult to recover from lesions, possibly because of inadequate specimens, but also because of its cultural characteristics. E. rhusiopathiae grows to form very small colonies after 24 to 48 h of incubation on most media (19) , and it may be difficult to isolate in heavily contaminated samples. Thus, various selective media have been described, including sodium azide-crystal violet (SACV) or Packers medium containing tryptose broth or agar, sodium azide, crystal violet, and horse serum (16) . While SACV medium is satisfactory for selecting E. rhusiopathiae, some difficulties in differentiating the very small E. rhusiopathiae colonies from Streptococcus spp. may occur (7) . A modified blood-azide medium containing heart infusion agar, sodium azide, defibrinated bovine blood, and horse serum allowed for more rapid isolation of E. rhusiopathiae compared to SACV (24 h versus 48 h for growth); however, modified blood-azide medium was not as selective (10) . A liquid medium, Erysipelothrix selective broth (ESB), containing tryptose broth base, 5% horse serum, and antibiotics (kanamycin [400 g/ml], neomycin [50 g/ml], and vancomycin [25 g/ml]), was successful in culturing E. rhusiopathiae, although not all contaminants were inhibited (27) . ESB was further investigated by Bratberg (3) , who showed that not all E. rhusiopathiae isolates grew in this broth. This failure was thought to be due to the moderate susceptibility of some isolates to kanamycin and could be overcome by using lower concentrations of kanamycin (3) .
In addition to culture methods, detection of E. rhusiopathiae has been achieved by using two PCR methods. One detects a 407-bp DNA fragment derived from the 16S rRNA coding sequence. While the primers used in this method are specific for Erysipelothrix spp., they do not differentiate between E. rhusiopathiae and E. tonsillarum (15) . Shimoji et al. (22) developed a method which utilized a broth similar to SACV for the enrichment of Erysipelothrix spp. followed by PCR. In this case, detection of a 937-bp DNA fragment allowed for specific identification of E. rhusiopathiae (22) .
The objective of our study was to evaluate several combinations of media, both selective and nonselective, for primary isolation of Erysipelothrix spp. and to assess a PCR detection method by using primers described previously (15) . In order to achieve this, a survey of the distribution of Erysipelothrix spp. in different seafoods was undertaken.
MATERIALS AND METHODS
Bacterial strain. E. rhusiopathiae ATCC 19414 was used as a positive control and E. tonsillarum ATCC 43339 was used as a negative control for both cultural and molecular identification procedures.
Seafood. Seafood samples were purchased from three seafood markets and directly from lobster fishing boats in the port of Fremantle, Western Australia. Over one-third of the samples (37%) had been caught in local waters and 37% had been caught in waters 1,000 km north of Fremantle. The remaining samples were from southern Western Australia, New Zealand, South Australia, Tasmania, and an aquaculture establishment at Fremantle. None of the seafood had been washed, and lobsters were purchased alive: two directly from a lobster fishing boat and one from a live storage facility. The seafoods and their origins are given in Table 1 .
Media. Two types of selective enrichment broths and one nonselective broth, as well as selective and nonselective agar plates, were assessed. Brain heart infusion broth (BHIB) and agar (BHIA) (Oxoid, Ltd., Basingstoke, Hampshire, United Kingdom) were prepared according to the manufacturer's recommendations and were sterilized by autoclaving at 121°C for 15 min. Once cooled to room temperature, nonselective BHIB and selective BHIB (BHIB/S) were supplemented with 5% horse serum. For BHIB/S, the following antibiotics were added: kanamycin (40 g/ml), neomycin (50 g/ml), and vancomycin (25 g/ml). Selective BHIA (BHIA/S) consisted of molten agar cooled to 50°C supplemented with serum and antibiotics as for BHIB/S. Selective Trypticase soy broth (TSB/S) (Becton Dickinson and Co., Cockeysville, Md.) was prepared as described previously (22) and contained tryptic soy broth (pH 7.6) supplemented with 0.3% Tris, 0.1% Tween 80, 0.03% sodium azide, and crystal violet (5 g/ml).
Isolation of Erysipelothrix spp. from seafood. While handling seafood, gloves were worn at all times. After collection, seafood was placed into separate clean plastic bags, and care was taken to ensure no cross contamination. The seafood was cut aseptically into small portions which were immersed in 10-ml portions of each of the three broths and was vortexed for 30 s. All broths were incubated at 37°C. After 24 and 48 h, BHIB was subcultured onto BHIA/S, and TSB/S and BHIB/S was subcultured onto horse blood agar (HBA) (Oxoid). The agar plates were incubated at 37°C and, after 24 and 48 h, were examined for growth of suspected Erysipelothrix colonies which were small (approximately 0.1 mm), convex, circular, and transparent (19) . Suspect colonies were Gram stained, and gram-positive rods were kept for confirmation by PCR. Isolates were stored as heavy suspensions in BHIB plus 10% glycerol at Ϫ70°C.
PCR detection of Erysipelothrix spp. DNA extraction from pure and enrichment cultures. Frozen isolates were thawed, streaked onto HBA, and incubated at 37°C for 24 h. After 24 h, a few colonies were suspended in 100 l of sterile diethylpyrocarbonate (DEPC) water (2) in sterile Eppendorf tubes and then heated to 100°C for 15 min. Heated samples were centrifuged in a microcentrifuge at 10,000 ϫ g for 2 min, and the supernatant was transferred to sterile Eppendorf tubes and was frozen at Ϫ70°C for later use in the PCR.
PCR was performed on all enrichment cultures at both 24 and 48 h. Broths were vortexed vigorously, 1.5 ml of the suspension was transferred to sterile Eppendorf tubes, and organisms were pelleted by centrifugation at 10,000 ϫ g for 3 min. The pellet was then washed by resuspension in 1.5 ml of DEPC water. After further centrifugation, the supernatant was removed, and the pellet was resuspended in 100 l of sterile DEPC water. The samples were then treated in the same way as the pure cultures.
PCR primers. The primers used were MOIO1 and MOIO2 (Gibco BRL, Paisley, United Kingdom), derived from the DNA sequence coding for 16S rRNA of Erysipelothrix spp. (GenBank/EMBL accession no. M23728) (15) .
DNA amplification. The PCR method was modified from that previously described (15) . PCR was carried out in a DNA thermocycler (GeneAmp 9700; Perkin-Elmer, Foster City, Calif.) in 20 l of a reaction mixture containing 1ϫ Perkin Elmer buffer II (100 mM Tris-HCl, pH 8.3, and 500 mM KCl) 2.0 mM MgCl 2 , 0.2 mM each deoxyribonucleotide triphosphate (dNTP) (Boehringer GmbH, Mannheim, Germany), 0.2 M each primer (Gibco BRL), 0.5 U of Taq DNA polymerase (Perkin-Elmer), and 4.0 l of extracted DNA sample.
The amplification consisted of initially heating at 94°C for 15 min and then 45 cycles of denaturation at 94°C for 30 s, annealing at 50°C for 30 s, and extension at 72°C for 45 s, followed by an additional extension step at 72°C for 7 min and cooling to 4°C.
In preliminary experiments, attempts were made to enhance the sensitivity of the PCR by including a second reaction with 0.4 l of the first-round reaction product as template. In a sample of 23 seafoods cultured in various enrichment broths, the proportion of positive PCRs increased from 31 to 38% with a second PCR. Only one of the 115 PCRs changed from positive to negative with a second amplification and therefore, double amplification PCR was used throughout the study.
All broth culture samples were tested twice on separate days. If discrepant results were obtained, then the analysis was repeated. If the third PCR was positive, then the overall result was considered positive. If the third PCR was negative, then the overall result was considered negative. The pure culture samples were tested once to confirm for Erysipelothrix spp.
Agarose gel electrophoresis. Aliquots of the amplification reactions were electrophoresed on 2% (wt/vol) agarose gels (Seakem LE agarose; FMC Bioproducts, Rockland, Maine) containing ethidium bromide (0.5 g/ml). Bands were visualized on a UV transilluminator and were compared to the positive control, E. rhusiopathiae ATCC 19414, and a DNA Molecular Weight VIII (Boehringer) standard. A band of 407 bp was considered diagnostic for Erysipelothrix spp.
Differentiation of Erysipelothrix spp. Carbohydrate fermentation. To differentiate E. rhusiopathiae from E. tonsillarum, fermentation of glucose and sucrose was used. The method described by White and Shuman (25) was modified by replacing Andrade's fermentation broth with agar.
PCR detection of E. rhusiopathiae. The PCR method described by Shimoji et al. (22) was used with slight modifications to differentiate E. rhusiopathiae from E. tonsillarum. The basic protocol was the same as for PCR detection of Erysipelothrix spp. from the pure and enriched cultures with alterations to the reaction mixtures and amplification cycles. PCR primers. The primers used were ER1 and ER2 (Gibco BRL), derived from a region possibly coding for E. rhusiopathiae virulence (GenBank/EMBL accession no. D64177) (22) . DNA amplification. PCR was carried out in 20-l samples of reaction mixture as before; however, the MgCl 2 concentration was decreased to 1.5 mM. Amplification consisted of initially heating at 94°C for 5 min and then 30 cycles of denaturation at 94°C for 1 min, annealing at 63°C for 30 s, and extension at 72°C for 1 min, followed by an additional extension step at 72°C for 7 min and cooling to 4°C. A band of 937 bp was considered diagnostic of E. rhusiopathiae.
In preliminary experiments, the specificity of Erysipelothrix-and E. rhusiopathiae-specific PCR methods was tested with several marine bacteria (Vibrio, Pseudomonas, Acinetobacter, Proteus, and Aeromonas). The results indicated that the primers were specific for Erysipelothrix spp. with MOIO1 and -2 and E. rhusiopathiae with ER1 and -2.
Statistical analysis. The chi-square test was used to detect statistically significant differences between proportions.
RESULTS
Evaluation of culture methods for the isolation of Erysipelothrix spp. A total of 52 different seafood parts from 19 different aquatic species were examined. Twenty-one suspected Erysipelothrix spp. were isolated, some by more than one of the six culturing methods. The best recovery of Erysipelothrix spp. was achieved by using BHIB enrichment followed by subculture to BHIA/S. After 24 and 48 h of incubation, 15 (29%) and 19 (37%) of the 52 different seafood parts, respectively, were culture positive. TSB/S enrichment followed by subculture to HBA resulted in the recovery of Erysipelothrix spp. from 8 (15%) and 11 (21%) of the 52 seafood parts after 24 and 48 h of incubation, respectively. The poorest recovery of only two isolates (4%), at both 24 and 48 h, was achieved by enrichment in BHIB/S followed by subculture to HBA. The number of Erysipelothrix spp. isolated by using the 48-h BHIB to BHIA/S protocol was significantly higher than those obtained by using the BHIB/S to HBA protocol and the 24-h TSB/S to HBA protocol (P Ͻ 0.05).
Evaluation of PCR detection of Erysipelothrix spp. from different broths. The best PCR detection of Erysipelothrix spp. was achieved with the TSB/S 48-h enrichment culture, where 35 (67%) of the 52 seafood parts were positive. From BHIB/S 48-h and TSB/S 24-h enrichment cultures, 29 (56%) and 26 (50%), respectively, of the 52 seafood parts were positive. The BHIB 48-h enrichment cultures produced 25 positives (48%), while the lowest detection rate of nine positives (31%) came from BHIB/S 24-h enrichment cultures. TSB/S at 48 h was significantly better than all of the other combinations of enrichment broths and incubation times (P Ͻ 0.05), except 24-h TSB/S and 48-h BHIB/S followed by subculture to HBA.
Four percent of enrichment cultures were PCR positive after 24 h and PCR negative after 48 h of incubation, and 23% were PCR negative after 24 h and PCR positive after 48 h of incubation.
Of 56 culture-positive enrichment broths, 16 (29%) were initially PCR negative. Dilutions of these samples achieved PCR-positive results in all cases.
Differentiation of Erysipelothrix spp. Of the 21 isolates which were positive by Erysipelothrix-specific PCR, 19 fermented glucose but not sucrose, consistent with E. rhusiopathiae. The other two fermented both glucose and sucrose, possibly suggesting E. tonsillarum. The 19 glucose-fermenting isolates were also positive by E. rhusiopathiae-specific PCR.
Distribution of Erysipelothrix spp. in different seafoods by culture and PCR. The distribution of Erysipelothrix spp. in different seafood groups, using both culture and PCR results, is shown in Table 2 . All isolates that were cultured were also detected by PCR; however, PCR gave additional positives. The highest isolation (culture positive) and detection (PCR positive) of Erysipelothrix spp. was 15 positives (29%) from all the different fish parts. Fourteen of these isolates were E. rhusiopathiae. In addition to the silver bream being culture and PCR positive for E. rhusiopathiae, E. tonsillarum was cultured. E. tonsillarum was also cultured from the Australian oyster shell. The antennae, leg, and carapace of the Western rock lobster obtained directly from the boat and surfaces of one octopus and the squid were all culture and PCR positive for E. rhusiopathiae. The highest PCR detection of Erysipelothrix spp. was achieved from crustaceans, with 14 positives (27%). All the prawns, various parts of the Blue manna crab, and the other two Western rock lobsters were culture negative and PCR positive, as were the two Pacific oyster shells and the cuttlefish. The lowest PCR detection of two positives (4%) was from the bivalves. Erysipelothrix spp. were not isolated or detected from the flesh of either the Australian or Pacific oysters or from the local and New Zealand mussel shells.
DISCUSSION
Infection with Erysipelothrix has been recognized for over 100 years. It has been suggested that the frequency of human infection is declining (18) . While this may be true, it is also likely that infection is underdiagnosed because of the resemblance of erysipeloid to other infections and the problems that may be encountered in isolation and identification of the organism (5). One aim of our study, therefore, was to evaluate various cultural and molecular methods for the detection of Erysipelothrix spp. Much of the literature on the recovery of Erysipelothrix spp. from human, veterinary, and environmental specimens is old; however, most investigations have employed a two-stage process of enrichment in broth followed by plating onto solid media. A variety of selective agents, both antibiotic and chemical, have been used (5) . We chose to evaluate three protocols with subculture after both 24 and 48 h of enrichment: nonselective enrichment in BHIB followed by plating on BHIA made selective by the addition of kanamycin, neomycin, and vancomycin (BHIA/S); selective enrichment in Trypticase soy broth with sodium azide and crystal violet as selective agents (TSB/S) followed by plating on HBA; and enrichment in selective BHIB followed by plating on HBA. Because of the unknown prevalence of Erysipelothrix spp. in routine human clinical specimens, a variety of seafood samples was chosen for the evaluation (26) . Erysipelothrix spp. were recovered from 21 of the 52 seafood parts cultured, 19 of which were E. rhusiopathiae and two of which were possibly E. tonsillarum. Of the three protocols evaluated, the BHIB incubated for 48 h followed by subculture to BHIA/S was significantly more selective than the other two, and 19 isolates from the 52 seafood parts were recovered with this combination. ESB has been regarded as the best selective medium, despite the problem relating to the kanamycin susceptibility of some strains (3). Our slight modification of ESB performed quite poorly, and the reasons for this are unclear.
In contrast, PCR detection of Erysipelothrix spp. was better following 48 h of selective enrichment. Thirty-seven of the 52 samples of seafood were PCR positive following enrichment in TSB/S. There were an additional five PCR positives from other enrichment broths (Table 2) . Why TSB/S was so superior for PCR detection is unclear. Many enrichment media are known to inhibit PCR (14) . This may be less so with TSB/S, or the broth may have stabilized the template DNA. All samples that were culture positive were also PCR positive; however, PCR detected an extra 21 positives (Table 2) . While it might be argued that these were false positives, it is well recognized that PCR techniques are significantly more sensitive than culture (24) . In several cases, the initial correlation between culture and PCR was not good. Four percent of enrichment cultures were PCR positive after 24 h of incubation and were PCR negative after 48 h of incubation. This is likely to have been caused by too much DNA template being present, a factor known to reduce the efficiency of the PCR, or inhibitors may have been present within the sample (1) or the enrichment media (14) . In addition, 29% of the samples that were culture positive were initially PCR negative. Diluting these broths resulted in positive PCRs, again suggesting that too much DNA or PCR inhibitor was present in the initial sample. For optimal results, PCR at both 24 and 48 h of incubation is recommended.
E. rhusiopathiae was widely distributed on the various seafoods tested, and all fish were positive. It is well recognized that fish are a common source of E. rhusiopathiae (17, 21) , and infection can be most severe when contracted from a fish (13) . E. rhusiopathiae was also isolated from Western rock lobster. Early reports suggested that anglers may have been infected from crustaceans through puncture wounds made by the claws of spiny lobsters and crabs (8) . In Western Australia, infections associated with E. rhusiopathiae have been recently recognized in lobster fishermen (4) . E. rhusiopathiae was also isolated from both octopus and squid from the north of the state. Even though these seafoods are unlikely to cause puncture wounds, they may contaminate existing wounds, leading to infection.
About one-third of the seafoods were only PCR positive for Erysipelothrix spp. These seafoods had no particular pattern of distribution, and they had originated from throughout Western Australia and New Zealand. The fact that these seafoods were PCR positive and culture negative suggests that Erysipelothrix spp. DNA was present and the organism was not viable. One possibility which may have to be considered is that Erysipelothrix spp. can exist in a viable but not culturable state, as many other aquatic organisms have been shown to do (6) . Another possibility is that there may have been some cross contamination between the different seafood types after they were caught; this needs to be investigated further.
One surprising result of this study was the isolation of two organisms that could not be distinguished from E. tonsillarum. E. tonsillarum has not been previously associated with seafood as it was in this investigation, with isolates from silver bream and the shell of an Australian oyster. This organism is thought to be avirulent for swine, mice, and chickens; however, pathogenicity for humans has not been investigated (5) .
Overall, Erysipelothrix spp. were widely distributed on Australasian seafoods, although there was no correlation between the origins of the seafoods tested and the distribution of Erysipelothrix spp. E. rhusiopathiae was associated with fish, cephalopods, and crustaceans, all of which may either cause injury or contaminate an existing wound during capture, resulting in infection.
